We report on the experimental observation of temporal cavity soliton destabilization via spatiotemporal chaos in a coherently-driven optical fiber ring resonator. Numerical simulations and theoretical analyses are in good agreement with experimental observations. OCIS codes: (060.5530) Pulse propagation and temporal solitons; (140.4780) Optical resonators.
changes with the cavity detuning. Here we focus on spatiotemporal chaos [see Fig. 1(a) ], yet note that the technique also allows us to investigate other complex oscillatory instabilities as well as excitability.
Example measurements for detunings in the spatiotemporal chaos regime are shown in Figure 1(b) . Here we display a concatenated sequence of oscilloscope traces, recorded over 2500 roundtrips, as the detuning is slowly reduced (top to bottom) around Δ ≈ 6. Up to the 700th roundtrip, we observe a single localized CS that exhibits high-contrast "breathing" oscillations (see inset) [4] . Then suddenly, the CS destabilizes entirely, transforming into a fluctuating field that is bounded in time, yet expands from roundtrip-to-roundtrip. Given that the cavity photon lifetime is only about 3 roundtrips, the front expansion can be appreciated to occur over slow dynamical timescales. Moreover, the co-existence of the chaotic state with the homogeneous cw state that exists beyond its boundaries agrees very well with characteristics predicted for spatiotemporal chaos [4] . When the detuning is reduced beyond the point where the stable lower cw state ceases to exist [around Δ ≈ 6, see Fig. 1(a) ], the entire field transforms into a non-localized unstable MI state, allowing for direct distinguishing of the two chaotic regimes. These experimental observations are in excellent agreement with numerical simulations of the AC-driven NLSE, as can be appreciated from Fig. 1(c) .
In conclusion, we have reported on an experimental technique that allows for various temporal CS instabilities to be explored. This technique has enabled us to directly observe, for the first time to our knowledge, spatiotemporal chaos of the AC-driven NLSE. Besides fundamental interest, we expect our results to be of relevance to microresonator frequency comb experiments that typically operate in the strong driving regime.
